Cassini's RADAR instrument has mapped over 10% of Titan's surface through the T18 flyby in August 2006 and has detected remarkably few impact craters. Three impact craters have been firmly identified and named, and a handful of unconfirmed candidate impact structures are suggested. These results indicate that the overall crater density is a factor of ~5 higher than Earth, and has a size-distribution slope very similar to Earth's indicating rapid obliteration of smaller structures by erosion and burial. The paucity of small craters was expected from atmospheric shielding considerations, but the rarity of medium (20-100km diameter) craters -some 30-300 times less abundant than on nearby Saturnian satellites -implies vigorous resurfacing. Erosion and burial by atmospheric processes appear to be the dominant means of crater obliteration, with viscous relaxation playing a lesser role. Models of the 20-100km impact crater production rate suggest an Lorenz et al Titan Craters 2 overall crater retention age of 100 kyr -10 Myr, compared with the retention age of the Earth for similar craters of 100 Myr -1 Gyr.
Introduction
The joint NASA-ESA-ASI Cassini-Huygens mission is presently 2 years into what is planned to be a 4, and likely 6 or more, year comprehensive exploration of the Saturnian system. About 20 Titan flybys have been made, on several of which synthetic aperture radar (SAR) mapping has been performed by Cassini's RADAR instrument, revealing a strikingly varied landscape (Elachi et al., 2005; 2006) . Although only a little over 10% of Titan's surface has been covered to date, an initial report of Venus cratering from Magellan (Phillips et al., 1992) when that mission had attained about 15% coverage gave results that turned out to be representative of the planet as a whole (135 craters out of ~1000), so a Cassini progress report seems timely. This paper will focus on the abundance and size distribution of the observed craters -specific morphological investigations are discussed elsewhere (Wood et al., in preparation) Simple analogy with other Saturnian satellites (Lorenz, 1997) would suggest a crater density of 100-200 craters of 20km diameter or greater per million km 2 (roughly the area covered in one full SAR pass, slightly more than 1% of Titan's surface.) The density of craters smaller than 20km would not add much to the total, since Titan's thick atmosphere would screen these impactors out (e.g. Engel et al., 1995; Ivanov et al., 1997) .
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Crater studies on Titan pose challenges to optical remote sensing as the opacity of Titan's haze reduces the observable resolution and mutes shadowing effects. Thus while the Cassini ISS camera has substantial low-latitude and southern hemisphere coverage, only the larger and high albedo-contrast features can be observed. Several candidate impact structures were noted in early reconnaissance by ISS (Porco et al., 2005) , including a large dark ring (seen in radar to be the ~400km crater Menrva) and several bright rings in dark terrain, including Guabonito -see later. The VIMS instrument on
Cassini, operating at longer wavelengths of lower opacity is more sensitive to shadowing, but is not able to efficiently map large areas at high resolution. Thus the ~40% of Titan flybys on which SAR observations were made to date form the basis of the crater density measurements reported here. As always, there is subjectivity in the identification of impact features which leads to an uncertainty of a factor of ~2 in their number, but the overall conclusions about the age of the surface are not affected.
RADAR Observations
The first RADAR pass (TA, October 2004) remarkably showed no impact structures at all (Elachi et al., 2005) , even though coverage of the equivalent area on other Saturnian satellites would have detected hundreds. Some probable cryovolcanic features were noted, providing a possible explanation for the paucity of craters. In contrast, the T3 swath (February 2005 , Elachi et al., 2006 showed two large structures, now named Menrva (the outermost ring is ~440km diameter, although the nominal diameter is 392km) and Sinlap (80 km diameter -see figure 1 ). This swath also showed fluvial swath, adjacent to T16, was also a short one and showed no impact structures.
To summarize, in addition to the three named craters, there are about half a dozen other candidate structures with diameters large enough (some tens of km) to be interpretably resolved. Without invoking any detailed analysis of each structure, which in Lorenz et al
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any case will become easier as more such structures are found and the other processes shaping Titan are better understood, it seems reasonable to assume half of these (i.e. ~3) are impact structures. The resultant crater density data, taking into account the sizedependent sampling area (see next section) is shown in figure 4.
Crater Population Survey
Although the radar imaging coverage of Titan is far from complete, even the data at hand usefully constrains the crater population. The long, thin images generated by SAR are in fact a rather efficient way of hunting for large craters (more so, per unit area covered, than a square image or mosaic). This is because only the rim, not the center, of the crater needs to be seen to know that the crater exists. For a swath of width w and length L, (typically ~300km x 4000km) the area covered by the image is wL, but the effective sampling area for craters of diameter D approaches ~(w+D)(L+D). For large craters, the improvement is substantial -a factor of ~2 sampling area for 300km craters.
On a large plane of area A, the probability of detection with a swath is analytically ~(w+D)(L+D)/A. However, the sampling efficiency is much stronger on the finite surface of a spherical planet covered by several widely-spaced swaths, since if a given large crater misses one swath, it is increasingly likely to be clipped by another. Thus, a simple Monte-Carlo experiment was conducted as follows. A 360x180 array was set with a flag for those latitude/longitudes covered by SAR to date. The center location for an impact crater of specified diameter (20-1000km) was chosen at random and spherical
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trigonometry was used to set elements in a separate 360x180 lat-lon array where the rim would be present. Where the product of the two arrays is non-zero, the crater would have been detected in the SAR imaging to date. (The 1  o or ~2000km  2 overlap criterion is arbitrary, but reasonable.) The experiment was repeated 1000 times to determine the probability of detecting a crater so far.
The experiment indicates the probability of detecting a 450km crater within the area imaged so far as about 26%, suggesting there may be ~3 more Menrva-sized structures present in so-far unimaged areas. For modest craters such as the 80km crater Sinlap, the probability is ~15%, only marginally larger than the percentage area covered so far. For very large craters, e.g. 1000km diameter, the nondetection indicates a 55% probability that no such crater exists anywhere on Titan.
Crater Density and Interpretation
The observed cumulative crater density is shown in figure 4 , for the three named The density of craters is ~5 times higher than Earth in terms of number per unit area.
However, even ignoring the fact that the impactor population at Saturn is likely different from that affecting the terrestrial planets, a casual comparison is nonetheless worthwhile.
The density does not mean Titan's surface is 5x older, since resurfacing on Titan may be expected on purely energetic grounds to be less vigorous (Lorenz and Lunine, 2004 ) -the heat flux driving erosion is a factor of ~100-1000 lower on Titan, and the heat flux driving convection and tectonics on Titan is a factor of ~10 lower than on Earth. Taking these factors into account, Lorenz and Lunine (2004) predicted a more 'balanced' mix of processes for Titan than Earth (i.e. while erosion and endogenic processes are dominant on both Titan and Earth over cratering, the factor is less on Titan), thus a larger fraction of Titan's surface shows impact features than the Earth. For reference, applying Hartmann's recent (2005) isochrons to the terrestrial crater population yields an age that depends on the size of crater considered, but gives a crater retention age of Earth for 20-100km diameter craters of 100 Myr -1 Gyr.
We must apply models of the Saturnian impactor population that take into account the shielding effect of the atmosphere to derive an age for Titan's surface -see figure 5.
Note that this is simply a 'crater retention age' -as mentioned above, this is sizedependent, and only reflects the ability of the surface to retain observable impact crater (Elachi et al., 2006) . It is clear that larger craters are better preserved (i.e. are older) -perhaps arguing that viscous relaxation, which destroys long-wavelength topography fastest, is not the dominant process of obliteration, leaving erosion and burial as the principal processes. The pronounced east-west difference in the preservation state of Menrva, and the evident prograde trend of dunes at Sinlap, Guabonito and Ksa, are also consistent with these atmospheric processes being responsible for crater destruction.
Although cryovolcanism doubtless plays a role in resurfacing Titan, we have not yet seen examples of craters partially destroyed by such processes.
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It may be noted that except for feature F, all the detected impact structures are at longitudes of 180-360 W, i.e. on Titan's leading hemisphere. The impactor model of Korycansky and Zahnle (2005) indeed suggests that the leading hemisphere should have a density of about 5 times higher than the trailing side. If this apparent agreement is not merely fortuitous, one interpretation is that Titan has been a synchronous rotator throughout most of its (observable) history. We must acknowledge, however, that most of our coverage is over the leading hemisphere -better statistics will emerge as the coverage builds up throughout the mission. It is also evident that the mountains of Xanadu (T13, leading) and the dune fields of Belet (T8, trailing) are rather distinct terrains, and so resurfacing processes may have a longitudinal dependence that can distort the observed leading-trailing asymmetry in remnant crater density. Future observations of the leading hemisphere will be needed to determine whether the asymmetry is real, and whether due to inhomogenous resurfacing rather than inhomogenous cratering density.
A final remark may be made about the paucity of small craters. In the present atmosphere, projectiles that form craters of less than about 20km diameter are disrupted by the atmosphere, and thus the differential distribution at these sizes is expected to be very small. (But not zero -some small fraction of iron impactors and large fragments will yield a few small craters.) The fact that very few such small craters are observed implies that Titan's atmosphere has not been thinner by a factor of several ('collapsed') in the recent past -although the low age means that this is recent indeed, and thus not constraining over the Gyr periods of Titan's history when such large-scale atmospheric changes may be expected. (Tobie et al., 2006) . As figure 2 shows, however, structures of Lorenz et al
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only a few km diameter are difficult to identify robustly in our data with 300-1000m resolution.
Conclusions
A although with a number density of craters about 5x higher. Figure 5 . Observed cumulative size-frequency distribution compared with two models of the crater population that incorporate projectile disruption by the atmosphere, and hence a lower slope at small crater sizes. The observed crater density slope is shallower than the models for ~80km craters, suggesting a surface obliteration process (burial, erosion).
Lower crater retention ages (discrepant by a factor of ~20 between the two models) are
